Background. The safety and efficacy of early steroid withdrawal or avoidance in patients receiving a kidney transplant (KT) are controversial. Methods. We performed a systematic review and a metaanalysis of the randomized controlled studies about steroid avoidance or withdrawal after a few days in patients receiving a KT and treated with antibody induction and cyclosporine (CsA) or tacrolimus (Tac) plus mycophenolate mofetil (MMF) (nine available studies and 1934 participants). Results. Death and graft loss (including or excluding death with function) were similar in steroid avoidance and control patients, with no differences between CsA and Tac studies. After steroid avoidance, acute rejection was more frequent than conventional steroid use in CsA trials [risk ratios (RR) 1.59, 95% confidence intervals (95% CI) 1.01-2.49] but not when Tac was used (RR 1.06, 95% CI 0.79-1.42). Steroid avoidance was associated with less frequent new-onset diabetes mellitus, but this decrease was only evident with CsA (RR 0.54, 95% CI 0.30-0.98), whereas this difference was not significant analysing Tac studies (RR 0.75, 95% CI 0.32-1.77). Despite this trend, the corresponding interaction tests were not statistically significant (P ¼ 0.140 and P ¼ 0.535, for acute rejection and new-onset diabetes mellitus, respectively). Serum creatinine, creatinine clearance, mean blood pressure, serum cholesterol and serum triglycerides were similar in both groups. Conclusions. Steroid avoidance or early withdrawal within the first 2 weeks is safe in KT recipients receiving induction with anti-interleukin-2 receptor antibodies or thymoglobulin and a drug regimen based on calcineurin inhibitor and MMF. However, the real benefits remain unclear.
Introduction
Renal transplantation is the treatment of choice for endstage renal disease, with demonstrated improvement in survival and quality of life with respect to the treatment with dialysis [1] . Efficacy in acute rejection control and excellent short-term results has shifted the focus of investigators to the assessment of better low-toxicity protocols that could maintain good long-term graft function and patient survival. Two drug families have been perceived as essential in immunosuppressive regimens for decades: calcineurin inhibitors (CNI) and corticosteroids. The CNI cyclosporine (CsA) and tacrolimus (Tac) increase renal graft fibrosis and vascular damage [2, 3] , but their avoidance is not safe [4] . Corticosteroids are associated with the development of hypertension, glucose intolerance, hyperlipidaemia, bone and ocular diseases, growth retardation, obesity and infection. Despite steroid dose is usually very low from the early phases after transplantation, these complications may impair quality of life and survival. Randomized controlled trials (RCTs) have shown that the corticosteroid withdrawal some months after transplantation is associated with a high risk of acute rejection, even when maintenance therapy is based in the potent CNI and mycophenolic acid combination [5, 6] . Rather than late steroid withdrawal, early withdrawal or avoidance have been increasingly popular for many transplant physicians, especially after a large observational study was available [7] . The only available systematic review on steroid avoidance or early withdrawal was published in 1993, when potent Tac and mycophenolic acid derivatives were not available yet [8] . More controlled studies have been performed during the last decade but have not been systematically reviewed.
Materials and methods

Inclusion criteria
We included all RCTs comparing steroid avoidance or very early withdrawal (steroid use limited to <10 days) with conventional steroid maintenance. To avoid the inclusion of outdated protocols without modern potent immunosuppressive agents, we only included trials with the combination of drugs currently used in clinical practice: CsA or Tac and mycophenolic acid derivatives or mammalian target of rapamycin (mTOR) inhibitors in the intervention and control arms. Only trials in which intention-to-treat (ITT) rates of acute rejection and graft failure were clearly established were included. RCTs without a steroid avoidance or withdrawal group were excluded as well as studies in which other interventions in addition to steroid-sparing strategy were attempted. Some RCTs not fulfilling these strict criteria were excluded. The participants were adult kidney transplant (KT) recipients, including first and retransplantation and excluding multiorgan transplant recipients. Observational studies were excluded.
Literature search
Relevant studies were obtained from the Cochrane Renal Group's Specialized Register and the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE and EMBASE. We also used the list of references in recent important publications as well as the abstracts from international transplantation society scientific meetings. With duplicate reports of the same study, the most updated complete publication was selected and the duplicates discarded.
Outcome measures
Primary outcomes considered were death, graft loss (both including death with function and censored for death), ITT acute rejection, ITT biopsyproven acute rejection, serum creatinine (SCr, milligrams per decilitre), creatinine clearance (CrCl, millilitres per minute), mean blood pressure (millimetres of mercury), serum cholesterol (milligrams per decilitre), low-density lipoprotein cholesterol (milligrams per decilitre), patients on lipid-lowering treatment, triglycerides (milligrams per decilitre), newonset diabetes after transplant (NODAT), infections and malignant neoplasia.
Data extraction was carried out by two authors independently using standardized data extraction forms. Disagreements were minimal and resolved in consultation with the other authors. The quality of included trials was assessed independently by two authors. The items assessed were allocation concealment, blinding, ITT and completeness of follow-up.
Statistical analysis
Studies were grouped and analysed according to how steroids were used within the immunosuppressive algorithm: steroid avoidance or early withdrawal versus steroid maintenance. Subanalyses were undertaken, stratifying results by CNI co-intervention and by anti-metabolite (mycophenolate mofetil-MMF-, enteric-coated mycophenolic sodium-Myf-or an mTOR inhibitor) co-intervention. Interaction analyses to test for different effects in selected subgroups were undertaken as suggested by Altman and Bland [9] .
For dichotomous outcomes, results were expressed as risk ratios (RR) with 95% confidence intervals (CI). When studies showed 0 events, the RR could not be estimated and hence, we used relative difference (RD) for these analyses to check whether the overall conclusions were robust, as the RD could be calculated using all studies. Where continuous scales of measurement were used to assess the effects of treatment (blood pressure, serum cholesterol, kidney function measured by SCr, CrCl, bone density), the mean difference (MD) was used or the standardized mean difference (SMD) if different scales had been used. When SD was not available, it was estimated using standard error (if provided). Otherwise, the particular outcome was excluded from the analysis. Results of unfavourable dichotomous outcomes were expressed so that the left part in any graph indicates that steroid-sparing strategy is better than control. The same convention was applied for MD and SMD. Heterogeneity was analysed using a chisquare test with a 10% used for the limit of statistical significance and we computed the I 2 statistic to measure the proportion of total variation in the estimates of treatment effect that was due to heterogeneity beyond chance [10] . Analysis was undertaken using both random and fixed effects models, and no important differences were observed. Results reported here used the random effects model, as this is more conservative in the presence of heterogeneity. As a sensitive analysis, we restricted analyses to selected subgroups according to study quality (study methodological quality, publication type and the length of follow-up), to explore possible sources of heterogeneity and to demonstrate robustness of our findings. In addition, the effect of trial size in the results was estimated calculating the Log[OR], with a P-value <0.05 showing significant effect. Cochrane RevMan (v 4.3) was used as software for the analysis.
Results
Description of studies
RCTs in which a steroid-sparing strategy was compared with steroid maintenance in adult patients were analysed in 34 reports of 29 studies; a total of 5675 randomized participants. Among them nine RCTs (1934 patients) assessed steroid avoidance studies with MMF/Myf/mTOR [11] [12] [13] [14] [15] [16] [17] [18] [19] (Figure  1 ). Five were based on CsA [11] [12] [13] [14] [15] and four on Tac [16] [17] [18] [19] (Table 1 ). An additional trial compared steroid early withdrawal within a few days and steroid withdrawal after some months and was excluded from the analysis [20] . Most studies had two arms, but two studies had three arms [15, 18] . In one of them [15] , patients were randomized to Group 1, steroid avoidance, Group 2, steroid very early withdrawal (at 7 days) and Group 3, conventional steroid maintenance. In view of our steroid avoidance definition (<14 days steroids) and the similar results between Group 1 and Group 2 in this study, we joined both groups in one steroid avoidance unique group (n ¼ 224). In another trial [18] , patients were randomized to Group 1 steroid avoidance, induction with basiliximab and Tac 1 steroids, Group 2 steroid avoidance with Tac 1 MMF or Group 3 Tac 1 MMF and conventional steroid maintenance. Consequently, we only included data from Groups 1 and 3.
The number of participants was very variable, from 24 patients [11] to 538 patients [17] . One small study was available only in abstract form [11] . The controlled followup was 6 months in two trials [17, 18] , 12 months in three trials [13, 15, 16] , 24 months in three trials [11, 13, 14] and 60 months in one trial [19] . The review included data from 3294 patient-years of follow-up.
Only one trial [14] included an mTOR (everolimus) as the third drug, the other eight RCTs included MMF or Myf. Hence, the value of mTORs in steroid-sparing strategies was not adequately reviewed. However, given the similar results obtained in this trial and MMF or Myf trials, this trial was kept in the analysis.
Antibody induction was used in all but one steroid avoidance RCTs [18] . Consequently, it was not possible to compare steroid withdrawal or avoidance with or without induction. Among the steroid avoidance RCTs using antibody induction, in six RCTs the antibody was an interleukin-2 (IL-2) receptor blocker [11] [12] [13] [14] [15] 17] and one used anti-lymphocytic depletive antibodies [16] . In another one, the type of antibody (IL-2 receptor blocker or anti-lymphocytic depletive) was chosen at the investigator's discretion [19] . Consequently, a meta-analysis comparing the type of induction was not possible.
Risk of bias in included studies
Four RCTs reported adequate methods of allocation concealment [12, [17] [18] [19] , one RCT used inadequate methods [16] and the remaining four RCTs were randomized but gave no clear indication of the allocation method used [11, 13, 14, 15] . Only one RCT reported blinding of both investigators and participants [19] . ITT analysis was confirmed for six studies and was unclear for the remaining three RCTs [11, 13, 16] . Completeness of follow-up was not reported and could not be calculated with the data provided in four RCTs [11, 14, 16, 18] and was 82-100% in five RCTs where it could be calculated.
Outcomes
Death and graft loss (including or excluding death with function) were similar in steroid avoidance and control patients, with no differences between CsA and Tac studies (Table 3 and Figure 2A ). After steroid avoidance, acute rejection was more frequent than conventional steroid use in CsA studies (RR 1.59, 95% CI 1.01-2.49) and not Tac studies (RR 1.06, 95% CI 0.79-1.42) ( Figure 2B ), although this different effect was not statistically significant (P interaction ¼ 0.140).
This trend is also observed considering only biopsy-proven cases, but the difference between both subgroups according to CNI is less important (CsA RR 1.89, 95% CI 1.33-2.69 and Tac RR 1.69, 95% CI 0.87-3.25)(P interaction ¼ 0.769). Steroid avoidance was associated with less frequent NODAT requiring any treatment, but this decrease was only evident with CsA (RR 0.54, 95% CI 0.30-0.98), whereas this difference was not significant analysing Tac studies (RR 0.75, 95% CI 0.32-1.77) ( Figure 2C ). The interaction test was not statistically significant (P interaction ¼ 0.535).
Infections and malignant neoplasia were seen with similar incidence in steroid sparing and control groups ( Table 2) . Serum creatinine, creatinine clearance, mean blood pressure, serum cholesterol and serum triglycerides were similar in both groups (Table 3) .
Three studies were considered to be low-quality studies, defined as those failing three of four high-quality characteristics (allocation concealment, blinding, ITT and completeness of follow-up) [11, 13, 16] . We repeated the analyses excluding these three studies for the main outcomes death, graft loss including and excluding death, ITT acute rejection, ITT biopsy-proven acute rejection and NODAT requiring any treatment. The effect of early steroid avoidance or withdrawal was estimated to be similar after these exclusions (Supplementary form). However, as expected, 95% CIs for RR are now slightly wider and hence, those marginal statistical significances now vanished (i.e. ITT acute rejection and NODAT requiring any treatment in CsA subgroup). We have checked for the effect of trial size on effect size (as measured as Log[OR]) for the following outcomes: death, graft loss including death, graft loss excluding death, ITT acute rejection, ITT biopsy-proven acute rejection and NODAT. The P-values shown test the hypothesis of no effect of trial size (P > 0.05) except for the outcome graft loss including death (P ¼ 0.052) in which the greater the size the greater the estimate of the effect of steroids avoidance as compared to maintenance.
Discussion
Two parameters seem to be very relevant when assessing steroid-sparing strategies: (i) the moment of steroid withdrawal and (ii) the duration of follow-up to observe kidney evolution without steroid treatment during adequate periods of time. Two main steroid-sparing strategies have been studied over the last 20 years in these studies: steroid avoidance or very early withdrawal and late steroid withdrawal. We defined steroid avoidance as the use of steroids for 2 weeks and steroid withdrawal as the stopping of steroids after >2 weeks of treatment. The majority of the nine studies analysing steroid avoidance used steroids for 7 days. Most studies had 12-24 months of follow-up after either steroid avoidance or early withdrawal, and only one of them reported up to 5 years of controlled evaluation.
This review confirms that steroid avoidance or very early withdrawal strategies in KT are not associated with increased mortality or graft loss. Only steroid withdrawal without MMF/Myf/mTOR using CsA was associated with higher rates of graft loss excluding death [21] . As no Tac studies without MMF/Myf/mTOR are available to date, we do not know whether or not steroid-sparing strategies are safe with Tac-based immunosuppression not including MMF/Myf/mTOR. Most of the steroid avoidance studies were designed with antibody induction in the steroid avoidance arm, so the results obtained cannot be confidently extrapolated for steroid avoidance protocols without adequate induction treatment at least with an anti-IL-2 receptor antibody. This is in agreement with a very recent observation from the US Registry showing that de novo steroid-free immunosuppression as currently practiced in the USA appears to carry no increased risk of adverse clinical outcomes in the intermediate term [22] . Overall, acute rejection was more frequent with steroidsparing strategies than with conventional steroid use. When we analysed studies comparing steroid withdrawal after 3-6 months with maintenance, an increase in acute rejection rates with ITT analysis or biopsy-proven rejections since the first day after transplantation was observed [6] . Steroid avoidance patients showed increased acute rejection rates in comparison with conventional steroid use and maintenance, but this increase was only significant when including CsA-based protocols and was not seen in Tac-treated patients. However, the formal statistical test of interaction did not reach statistical significance perhaps given the low number of studies included in each of the treatment strata (CsA and Tac). It appears that acute rejection is less frequent when steroids are completely avoided or withdrawn very early than when they are stopped after >3 months of treatment. A possible mechanistic explanation may be an increase in the synthesis of chemokines in the setting of up-regulated chemokine receptor expression mediated by steroids [23] . Although the question remains whether the possible deleterious effects of reversible rejection in a very low percentage of patients outweigh the possible beneficial effects of steroid avoidance, the vast majority of patients do benefit from being without steroids early after transplantation without immediate risk of rejection. Despite a significant increase in acute rejection risk in CsA trials, the very low absolute number of rejections might be enough to argue for a positive recommendation. Steroid avoidance or very early withdrawal was particularly safe in patients receiving induction treatment with antibodies and the combination Tac-MMF. The benefits of steroid-sparing strategies were not easily determined in this review because of frequent under-reporting of relevant data in many studies. Many adverse events classically related to steroid use were not significantly reduced with a well-defined steroid-sparing strategy, or at least, such benefits were not adequately reported. The effects on blood pressure were scarcely reported. The reduction in total cholesterol and anti-hyperlipidaemic drug need was important in steroid withdrawal trials [6] , but such benefit was not evident in steroid avoidance studies. NO-DAT rate was decreased in steroid avoidance or early steroid withdrawal patients, but this benefit was only evident in patients treated with CsA. In Tac-treated allograft recipients, it seems that the more diabetogenic effect of Tac outweighted the potential benefit of avoiding steroids in the development of NODAT. Although the reduction in NODAT was very significant in one European Tac study with steroid avoidance [17] , the significance disappeared when joined with the US double-blind steroid avoidance study with Tac, which did not show such an effect [19] . It is possible that high Tac levels were responsible for the absence of such a beneficial effect in this last study. Finally, no relevant impact could be observed in the infection rate and cancer development, thus suggesting that the increased rates of such events in KT recipients are not strongly related to steroid use.
Only one previous systematic review has addressed this topic, including four steroid avoidance studies in patients on CsA with or without azathioprine (AZA) [8] . The incidence of acute rejection was higher in steroid avoidance patients, but no deleterious effects on graft survival were seen. The relative short-term follow-up meant the authors were unable to definitively support the conclusion that an increase in acute rejection rate after steroid avoidance did not imply long-term graft function deterioration.
The main strength of this review is that it has identified a good number of RCTs assessing steroid avoidance or almost avoidance strategies, currently attempted by the transplant community. It also analyses different profiles in patients receiving CsA versus Tac, but excluding trials using AZA and including only protocols with MMF, or its variant Myf. Our methodology was robust, including all possible studies published, even in abstract form, in any language and with assessment of data quality. Consequently, this review provides information to guide treatment decisions on steroid sparing in adult KT, particularly the absence of harmful consequences, better than the existence of clear benefits.
Nonetheless, this review has some relevant limitations. Only one study of steroid avoidance included an mTOR inhibitor as a third drug (everolimus) and consequently, we cannot extrapolate the safety of steroid avoidance or withdrawal to protocols including mTOR inhibitors instead of MMF or Myf as a third drug. Another limitation is that, despite some studies have extended their follow-up periods to >2 years (one study described 5 years), the extension periods beyond the first year were frequently retrospective in nature and not prospectively designed. It is well known that the possible harmful effects of steroid minimization may remain hidden until >4 or 5 years of steroid-free treatment [21] . We do not know the deleterious effects that the absence of steroids may have in kidney grafts maintained steroid free for >5 years.
Conclusions
Regarding safety of steroid-sparing strategies in KT, we did not find enough evidence demonstrating an increased high risk of early graft failure after steroid avoidance or Mean difference values <0 favour steroid withdrawal. For mean blood pressure, standard mean difference.
Steroid avoidance for KTalmost avoidance in patients receiving CsA and MMF despite an increased acute rejection rate. The combination Tac-MMF is particularly safe to avoid steroids after the first few days post-transplantation. Our results may support that this potent immunosuppression allows safe steroid avoidance or elimination a few days after KT if antibody induction treatment is prescribed. The strength of the evidence was less when reviewing the potential benefits of steroid-sparing strategies. A significant reduction in NODAT incidence was not found in the overall result. Although a reduction was observed after steroid avoidance if the CNI used was CsA, the interaction between CNI and NODAT was not significant. A longterm RCT that has adequate statistical power to detect differences in acute rejection and major adverse events is needed to determine whether the benefits of steroid avoidance outweigh the harm.
